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Talk outline

• Ensembles in Global NWP R&D
• Investigating ensemble size and its impact on forecast skill
• Evaluating the computational costs of ensembles in R&D
• Weighing the impacts of ensemble size against those of resolution



Ensembles in R&D
• Ensemble = 1 control + a 
number of perturbed members

• Perturbations in initial conditions 
🡪 spread in forecasts

• Ensembles are computationally 
expensive!

• More members = higher 
computational cost

• What is the balance?
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CRPS
•  

• Rewards forecasts with 
probability concentration around 
the observation

• Penalises too little/too much 
spread

Wilks, D.S. (2005) Statistical Methods in the Atmospheric Sciences



Trial setup
• Ensemble of 44 members 
(MOGREPS-G)

• 1 control member + 43 perturbed 
members

• Vary number of members in 
verification

• [7, 13, 19, 24, 31, 37, 44]

•Trial at different resolutions 
and time periods

Trial ID Period Resolution

u-cu111 Winter High (~20km)

u-cs219 Summer Low (~60km)

u-da394 Winter Low (~60km)
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Comparable 
size increase 



High- vs Low- 
res at same size 
🡪 ~5% 
improvement 
due to resolution 

High-13 vs low-44: 
is many low-res 
better than few 
high-res?



• Comparing node hours for winter forecast cases:
• u-da394 (low): 12 nodes * 50 min = ~ 10 Node Hours
• u-cu111 (high): 45 nodes * 1 hr 36 min = ~ 72 Node Hours 

• High-res vs low-res is more expensive by a factor of ~7X 
• 44-mem low-res forecast is cost comparable to 6-mem high-res forecast

Skill vs Cost 



Resolution
• GPH @ 850hPa 🡪 
very slight 
improvement in 
RMSE

• T+36hrs low-res 
equivalent skill to 
T+42hrs high-res

• Resolution has less 
effect in long lead 
times

~6hrs



Resolution
• Significant skill 
difference in surface 
phenomena

• T+36hrs low-res has 
same skill as T+72hr 
high-res

• T+168hrs 🡪 Low-44 
comparable RMSE 
to High-13

~36hrs



Extremes - Tropical Cyclones
• Batsarai Feb 2022
• 20 km ensemble 
with 10km 
deterministic

• Deterministic 
performs better 
than ensemble

• Need higher 
resolution for 
extreme cases



Conclusion
• There is a diminishing return of skill when you increase ensemble size
• Using less members in R&D does not greatly affect skill

• 19 vs 44 members 🡪 ~2% difference in CRPS

• Resolution is important for forecast skill
• Computationally, a many member low-res ensemble may be preferable
• However, the skill of surface processes, sub-grid processes and extreme 
events benefit from high resolution 
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Questions?


